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Hadronic B decays are important decays for CP -violation studies and to search for beyond the Standard Model
(SM) eﬀects. CP-violation results obtained from the decays B → DK where D represents D0 or D¯0 and from the
decays B → hh where h denotes K or π are presented. The B → DK decay modes are due to tree level diagrams
while the B→ hh are sensitive to loop diagrams and thus to New Physics. Results from a full angular analysis of the
B0s → φφ decay modes are also presented as well as the eﬀective lifetime measurement using the B0s → KK mode.
The analyses presented here are based on 1.0 fb−1 pp collision data collected in 2011 with the LHCb detector.
1. Introduction
The LHCb detector[1] is a single arm spectrometer
for precise measurements of B and D meson decays at
Large Hadron Collider (LHC). The hadronic B decays
oﬀer opportunities for CP-violation measurements and
validation of the SM.
The B → DK decay mode is purely due to tree level
diagrams and thus is expected to be free from New
Physics contributions[2]. It is extremely clean with an
irreducible uncertainty of δγ/γ ∼ 10−6 and allows for a
benchmark measurement of the CKM phase γ to check
the CKM matrix paradigm.
Measurements of CP -violation and branching frac-
tions in B0 → h±h∓ decays provide a complementary
way to extract γ[2]. However, the decay amplitudes re-
ceive contributions not only from tree diagrams, but also
from penguin diagrams, which are sensitive to the pos-
sible presence of New Physics.
In the SM the B0s → φφ decay is a ﬂavor-changing-
neutral-current (FCNC) process via a b → ss¯s penguin
transition. Studies of the polarization amplitudes and
triple product asymmetries can provide powerful tests
of the SM and the presence of contributions of New
Physics[3, 4, 5].
Measurement of the eﬀective B0s → K+K− lifetime
can be used to constrain contributions from physics be-
yond the SM in the B0s meson system[6, 7, 8, 9].
The results presented in this talk are (partly) based on
1.0 fb−1 pp collision data collected by the LHCb detec-
tor at a center of mass energy of
√
s = 7 TeV in 2011.
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2. B → DK
The Cabibbo favored process B→ D¯0K and the sup-
pressed process B → D0K can be described with three
parameters: the weak phase diﬀerence γ, a strong phase
diﬀerence δB and the ratio of magnitudes between the
favored and suppressed amplitudes, denoted rB. If the
D0 and D¯0 decay to a common ﬁnal state, then the in-
terference between the two amplitudes allows γ to be
determined.
The Gronau-London-Wyler (GLW) strategy[10, 11]
exploits CP decays of the D0 meson : D0 → KK and
D0 → ππ. No additional unknown is added to the three
parameters. The method has been extended to non CP-
eigenstates K−π+ (Cabibbo Favored, CF), K+π− (Dou-
ble Cabibbo Suppressed, (DCS)) decay modes by so
called Atwood-Duinetz-Soni (ADS) strategy[12, 13]. In
this case, two unknown parameters are added: the ratio
of branching fractions of D0 decays into state f respect
to D¯0 decays into f¯ and a diﬀerence of strong phase.
However constraints are provided by the CLEO-c ex-
periment.
The results of the GLW analysis are shown in Fig-
ures 1 and 2 based on 1.0 fb−1 data. An asymmetry
is clearly visible for the DK modes and the combined
CP -violation signiﬁcance is 4.5σ. No CP asymmetry
is visible for the B → Dπ modes due to the very small
value of the b→ u to b→ c amplitudes ratio.
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Figure 1: Invariant mass distributions of selected B± → [K+K−]Dh±
candidates. The left plots are B− candidates, B+ are on the right.[14]
Figure 2: Invariant mass distributions of selected B± → [π+π−]Dh±
candidates.[14]
The results of the ADS analysis are shown in Figures
3 and 4. The LHCb experiment shows the ﬁrst observa-
tion of the DCS mode B → [πK]DK. The B± → DK±
ADS mode displays evidence (4.0 σ) of a large negative
asymmetry. The B± → Dπ± ADS mode shows a hint of
a positive asymmetry with 2.4σ signiﬁcance.
The general quantities RCP+, ACP+,RADS , AADS are
deduced by simultaneously ﬁtting the invariant mass
distributions of B candidates. LHCb gives the world
best measurements of those observables to be [15]
RCP+ = 1.007 ± 0.038 ± 0.012 (1)
ACP+ = 0.145 ± 0.032 ± 0.010 (2)
RADS = 0.0152 ± 0.0020 ± 0.0004 (3)
AADS = −0.52 ± 0.15 ± 0.02 (4)
Figure 3: Invariant mass distributions of selected B± → [K±π∓]Dh±
candidates. [14]
3. B → hh
As already said, B → hh decays provide a comple-
mentary way to extract γ. Here B denotes either a B0 or
B0s and h either a K or a π. There are six decays in total.
However, unlike the B → DK, those decays have con-
tributions from Tree(T), Penguin(P), Penguin Annihila-
tion(PA), Color-suppressed Electroweak Penguin(PCEW )
and Exchange topologies(E) Feynman diagrams [2].
Generally, γ is determined from the CP-violating
asymmetries in B0 → π+π− and B0s → K+K− decays
within the validity of the U-spin symmetry which relates
the amplitudes of these two decays. The time dependent
CP asymmetries in these two decays can be written as
A(t) =
Γ(t)(B¯0(S ) → h+h−) − Γ(t)(B0(S ) → h+h−)
Γ(t)(B¯0(S ) → h+h−) + Γ(t)(B0(S ) → h+h−)
=
Adir cos(Δmt) + Amix sin(Δmt)
cosh(ΔΓ2 t) − AΔΓ sinh(ΔΓ2 t)
(5)
where Adir denotes direct CP-violation and Amix denotes
CP-violation introduced by the interference between de-
cay and mixing.
Using an integrated luminosity of 0.69 fb−1 data col-
lected in 2011, the time dependent raw asymmetries in
B0 → π+π− and B0s → K+K− are shown in Figures 5
and 6 respectively [16].
Figure 5: Time dependent raw asymmetry in B0 → π+π− decay [16]
The validity of the U-spin symmetry assumption can
be probed by comparing Adirππ and the direct CP asym-
metry in the B0s → π+K− decay or AdirKK and the direct
CP asymmetry in the B0 → K+π− decay. The sizes of
PA and E contributions can be probed by measuring the
Figure 4: Invariant mass distributions of selected B± → [K∓π±]Dh±
candidates. [14]
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Figure 6: Time dependent raw asymmetry in B0s → K+K− decay [16]
branching ratios of B0 → K+K− and B0s → π+π− which
are only sensitive to these two topologies.
The analysis of LHCb gives preliminary result for
Adirππ = 0.11 ± 0.21 ± 0.03 comparing to the ACP(B0s →
π+K−) = 0.27±0.08±0.02 [17] which is consistent with
U-spin symmetry assumption. LHCb’s result shows
Amixππ = −0.56±0.17±0.03. The signiﬁcance of nonzero
is 3.2σ which is the ﬁrst evidence of time dependent
CP-violation at a hadron collider.
The uncertainties on the LHCb measurements of Adirππ
and Amixππ are still too large to resolve the discrepancy be-
tween the measurements of BABAR [18] and Belle [19],
although BaBar is slightly favored.
LHCb performed the ﬁrst measurement of CP-
violation in B0s → K+K−: AdirK+K− = 0.02 ± 0.18 ± 0.04
comparing to ACP(B0 → K+π−) = −0.088 ± 0.011 ±
0.008 and AmixK+K− = 0.17± 0.18± 0.05 which are consis-
tent with the SM predictions under the U-spin symmetry
assumption.
B0s → π+π− is ﬁrst observed with 5.3σ signiﬁcance
by LHCb based on 0.37 fb−1 data which is shown in Fig-
ure 7(b) [20]. The signal yield is 49+11−9 and the branch-
ing ratio is (0.95+0.21−0.17 ± 0.13) × 10−6. A yield of 13+6−5
B0 → K+K− events is observed too (Figure 7(a)) and
the branching ratio is (0.11+0.05−0.04 ± 0.06) × 10−6.
4. B0s → φφ
The B0s → φφ decay is a pseudoscalar to vector-
vector transition. Thus there are only three possible he-
licity states with amplitudes H+1,H−1 and H0 which can
be redeﬁned as
A0 = H0, A⊥ =
H+1 − H−1√
2
, A‖ =
H+1 + H−1√
2
For the V-A structure of the weak interaction, the lon-
gitudinal component, fL = |A0|2/(|A0|2 + |A⊥|2 + |A‖|2),
is expected to be dominant. However, roughly equal
longitudinal and transverse components are observed in
Figure 7: Invariant mass spectra corresponding to the mass hypotheses
(a) K+K− (b) π+π− [20]
B-factories. And recent LHCb’s result in B0s → K∗0K¯∗0
shows fL = 0.31 ± 0.12 ± 0.04 [21]. Various expla-
nations have been proposed: large contribution from
penguin annihilation, ﬁnal states interaction or New
Physics [22, 23].
The full angular distribution in B0s → φφ, φ→ K+K−
can be written as
d3Γ
dω
∝ τL(|A0|2 f1(ω) + |A‖|2 f2(ω)
+ |A0||A‖| cos δ‖ f5(ω)) + τH |A⊥|2 f3(ω) (6)
Here dω = dΦd(cos θ1)d(cos θ2) where Φ is the angle
between the two φ decay planes and θ1,2 are the po-
lar angles of K+ in the φ1,2 mesons rest frames. δ‖ =
arg(A‖/A0) is the strong phase diﬀerence.
The dataset in the analysis consists of 801±29 candi-
dates collected in 1.0 fb−1 events by LHCb in 2011 [24].
By preforming an unbinned maximum likelihood ﬁt,
the polarization amplitudes (|A0|2, |A⊥|2, |A‖|2) are deter-
mined to be
|A0|2 = 0.365 ± 0.022 ± 0.012 (7)
|A⊥|2 = 0.344 ± 0.024 ± 0.014 (8)
|A‖|2 = 0.291 ± 0.024 ± 0.010 (9)
cos δ‖ = 0.844 ± 0.068 ± 0.029 (10)
The results are consistent with values from B0s →
K∗0K¯∗0 and also agree well with the CDF measure-
ments [25]. The results favor QCD factorization predic-
tion [26, 27] but disfavor the pQCD expectation [28].
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In addition, one can deﬁne two triple products
U =
sin 2Φ
2
,V = {+ sinΦ, cos θ1 cos θ2≥0− sinΦ, cos θ1 cos θ2<0
to investigate the CP symmetries
AU(V) =
Γ(U(V) > 0) − Γ(U(V) < 0)
Γ(U(V) > 0) + Γ(U(V) < 0)
. (11)
AU(V) is zero in the SM. Therefore a signiﬁcant asym-
metry is signal of New Physics.
Figure 8: Distributions of the U (left) and V (right) observables [24]
The distributions of U and V are shown in Figure
8. The measured values are AU = −0.055 ± 0.036 ±
0.018, AV = 0.010 ± 0.036 ± 0.018. Both values are in
good agreement with the CDF’s results [25] and also
consistent with CP conservation hypothesis.
5. B0s → KK
In the SM, the proper time distribution of B0s → KK
can be parameterized as [29]
Γ(t) = (1 − AΔγs )e−ΓLt + (1 + AΔγs )e−ΓHt (12)
where ΓH , ΓL are the decay widths of the heavy and light
B0s mass eigenstates and ΔΓs = ΓL − ΓH is the decay
width diﬀerence. AΔΓs is the decay rate asymmetry.
Fitting the distribution above with a single exponen-
tial function will give the eﬀective lifetime
τKK = τB0s ·
(
1 + AΔΓs
ΓL − ΓH
ΓL + ΓH
)
. (13)
In the SM AΔΓs is close to 1 and the eﬀective lifetime
τKK is predicted to be 1.40 ± 0.02 ps [8]. However, de-
viation may be introduced by new physics.
In the analysis [29], 1024 ± 39 B0s → KK candidates
are obtained. Unlike the traditional measurement of B
meson lifetime, a minimal bias selection is adopted in
the analysis. The technique is based on neural networks
which avoids acceptance eﬀects and no selections on
lifetime biased variables.
The eﬀective lifetime is evaluated using unbinned
log-likelihood ﬁt to be τKK = 1.455 ± 0.046 ± 0.006
ps. The value is in good agreement with the SM pre-
diction and LHCb’s result τKK = 1.440 ± 0.096(stat) ±
0.008(syst)±0.003(model) ps based on 37 pb−1 pp data
collected in 2010 [30].
6. Conclusion
2011 has been an excellent year for LHCb : about
1 fb−1 pp collision data has been collected. This large
amount of data has allowed to obtain world best mea-
surements or ﬁrst observations in hadronic B decays.
In 2012, more than 1 fb−1 of data has already been
recorded at an energy of 8 TeV in the center of mass
frame and 1.5 to 2 fb−1 can be reasonably expected.
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